ABSTRACT
Introduction
The adverse events (AEs) that may occur in pharmacological treatments of patients with cognitive deterioration need careful investigation in order to minimize the risk and maximize the benefit of drugs. The safety profile has shown that the risks associated with cholinesterase inhibitors (ChEIs) are not negligible (Raschetti et al., 2007) . The most common AEs of ChEIs are cholinergic symptoms such as nausea, vomiting, diarrhea, muscle cramps, dizziness, fatigue, and anorexia (Standaert and Young, 1996) . The data obtained by Doody et al. (2010) suggest that patients with Alzheimer's disease (AD) tolerate donepezil better than patients with mild cognitive impairment (MCI); however, no study has yet investigated published randomized clinical trials (RCTs) of donepezil that have reported rates of AEs in the placebo groups of MCI and AD patients.
We recently demonstrated that informing subjects about the AEs that they may possibly experience could have a significant impact on their actual experience and report of AEs (Amanzio et al., 2009) . This phenomenon can be observed not only in the active group but also in the placebo group of RCTs (for a review, see Amanzio, 2011) . Although the underlying mechanisms of this phenomenon remain unclear, the nocebo effect may offer an important theoretical framework to interpret the obtained data (Amanzio et al., 2009; Rief et al., 2009) . A nocebo effect is defined as the negative outcome following administration of an inert substance along with suggestions of negative modifications of symptoms or sensations (Benedetti and Amanzio, 1997; Harrington, 1997; Benedetti et al., 2007) . In particular, the knowledge about taking medication or the anxiety about illness course may cause patients to monitor side effects in more detail, resulting in an amplified perception of physical symptoms. Interestingly, somatization, a phenomenon whereby the patient expresses emotional distress in the form of physical symptoms, has previously been associated with nocebo symptoms and with the occurrence of AEs in relation to active drugs (Wolf and Pinsky, 1954; Andrykowski and Redd, 1987; Davis et al., 1995) .
Since behavioral and psychological symptoms of dementia may be worsened or caused by somatic comorbidity, such as anxiety, depression, cardiovascular disease, infections, delirium, falls, incontinence, and anorexia (Doraiswamy et al., 2002; Waldemar et al., 2007) , and since there is a strong association between somatic comorbidity and cognitive status in patients with dementia (see Doraiswamy et al., 2002; Waldemar et al., 2007) , it will be interesting to analyze the presence of AEs in patients with different levels of cognitive impairment.
We therefore conducted an analysis of published RCTs involving MCI and AD patients receiving donepezil and reporting AEs in the placebo arms of the trial. We hypothesized that the information about AEs would lead patients to report symptoms in the corresponding placebo groups. We also hypothesized that the level of AEs may differ across patients with varying degrees of cognitive impairment so that MCI and AD patients would report a significantly different number of AEs.
Methods

Search procedure
We conducted a search in the Medline database (PubMed http://pubmed.gov/) with the following limits: Humans, Randomized Clinical Trial, English, and dates from 1 January 1989 to 31 December 2010. The search terms were "Mild Cognitive Impairment and donepezil" and "Alzheimer's disease and donepezil." The final version of the search was conducted on 17 January 2011.
Inclusion and exclusion criteria
Trials were selected for inclusion or exclusion according to the following criteria: (1) only placebocontrolled RCTs comparing donepezil versus placebo in MCI or AD patients were considered;
(2) only trials that reported AEs in the placebo condition were included; (3) we excluded trials with insufficient reporting of AEs (i.e. either no reports of side effects at all or studies that reported "treatment-related AEs" without specifying these further); (4) crossover studies were excluded from the analysis (if placebo is given as the first treatment, one is measuring the effects of suggestion only, whereas if placebo is given as a second treatment, one is measuring the effects of both suggestion and conditioning); (5) trials comparing two classes of active drugs or multiple treatments in the same trial were excluded; and (6) duplicate publications were also excluded.
Recording and grouping of AEs
First, AEs from each single trial were recorded. This yielded a total of 90 categories of AEs. Some of these AEs were either semantically similar (e.g. fever and pyrexia) or meaningfully related (e.g. nausea and vomiting) and were therefore grouped together. Thus, a total of 81 categories of AEs were identified.
Second, for some of the categories of AEs the presence of specific AEs was only reported in two or less trials. These AEs were therefore removed from the analysis. This procedure reduced the number of AEs to 21 of different categories.
Third, some AEs were only reported in trials involving MCI patients and others only in trials involving AD patients. It was therefore possible to directly compare the number of AEs in MCI versus AD patients in relation to the following seven categories of AEs: depression, diarrhea, dizziness, headache, insomnia, muscle cramps, and nausea/vomiting (see Figure 1) .
In most of the studies, AEs were reported on the basis of a single measure. However, in a few studies AEs were divided into serious AEs and nonserious AEs (e.g. Homma et al., 2000; Mohs et al., 2001; Windblad et al., 2001 ). In such cases, serious and non-serious AEs belonging to the same category were grouped together to make the recording of AEs consistent across studies.
Importantly, most of the studies only described AEs that were reported by at least 5% of the patients in the donepezil and placebo groups. However, a few studies also included AEs reported by less than 5% of the patients (e.g. Rogers et al., 1998a; 1998b; Homma et al., 2000; Johannesen et al., 2006) . In these studies the authors did not separately list "AEs reported by less than 5% of the patients" versus "AEs reported by more than 5% of the patients," and hence all AEs reported in the studies were included in the systematic review. 
Data abstraction and validity assessment
Each trial was coded using a structured coding scheme (the full version can be requested from the corresponding author), including information on patients, treatment, and methodology. For each trial, we noted the year of publication, duration of the trial, quality of the trial evaluated by means of the Jadad scores (Jadad et al., 1996 ; these scores consider the description and sequence of randomization, the double-blind procedure, its appropriateness, and the description of withdrawals: range 0-5), the assessment strategy (structured versus spontaneous reports of AEs), age, gender, race, Mini Mental State Examination (MMSE; Folstein et al., 1975) , general withdrawal, and withdrawal due to AEs.
Furthermore, we noted the number of patients who reported AEs in the placebo group. We then summed the counts of separate studies in order to obtain the cumulative number of patients reporting the AE to combine data from individual studies. We considered no report of AEs in a trial as absence of AEs in the placebo group of that trial. In other words, in this case the trial was equated to a trial explicitly reporting absence of the symptom (0 value).
Adverse events, quality of the study, and assessment strategy were recorded independently for each study by two different researchers (MA and LV).
Data analysis SPSS 19.0 was used and p < 0.05 was considered significant. The results were expressed as mean values and standard deviations.
Mean inter-rater reliability with respect to recording of AEs for each individual trial was κ = 0.89. Mean inter-rater reliability for trial quality assessment (in terms of the Jadad scores) was κ = 0.78 and the assessment strategy in terms of structured versus spontaneous recording of AEs had a mean inter-rater reliability of κ = 0.81.
First, in order to test whether trials involving AD and MCI patients were comparable, we compared these two types of trials with respect to year of publication, duration of study, quality of study (Jadad score), assessment strategy (structured vs. spontaneous recording of AEs), age, gender, race, MMSE scores, general withdrawal, and withdrawal due to AEs. As both age and race were calculated as the ratio of females and Caucasians within each trial, respectively, it was possible to calculate all of the above variables via independent t-test. Second, in order to test whether there was an association between the level of cognitive impairment and the presence-absence of AEs in placebo groups, Fisher's exact tests were performed to analyze whether there were significant differences in the frequency of AEs in the placebo arm of trials involving AD and MCI patients. In particular, (1) the overall level of AEs was compared for MCI and AD patients for all 81 categories of AEs; (2) the specific levels of AEs in MCI versus AD trials were compared in each of the seven categories of AEs where there were sufficient reports of symptoms in both MCI and AD trials to allow for a direct comparison (depression, diarrhea, dizziness, headache, insomnia, muscle cramps, and nausea/vomiting).
Finally, in order to test the variation in the cognitive deterioration, homogeneity analyses were conducted on the MMSE scores (http://www.childrensmercey.org/stats/model/metaanalysis.asp). The data could not be meaningfully analyzed for publication bias and therefore this analysis was omitted.
Results
One hundred and forty-nine trials were identified. Eighty-three trials (4 MCI and 79 AD) were excluded because they were not placebo-controlled RCTs comparing donepezil versus placebo in AD or MCI patients. A further 30 trials (2 on MCI and 28 on AD) were excluded because they did not fulfill one or more of the subsequent selection criteria (see Method section). Of the remaining 36 articles, 17 were excluded (13 on MCI and 4 on AD) as they were double publications or publications involving the same initial group of patients. This left a total of 19 trials, which were included in the study (see Figure 2 ). Three trials involved MCI patients (n = 783) and 16 trials involved AD patients (n = 2,059). The excluded trials are listed in the Appendix A1 along with the reason for their exclusion (see the supplementary online material attached to the electronic version of this paper at http://www.journals.cambridge.org/ipg).
Comparison of MCI and AD patients
The characteristics of the placebo arms of the MCI and AD trials included in the analysis are shown in Table 1 . There were no significant differences between MCI and AD trials with respect to the year of publication (p = 0.145), duration of the trial (p = 0.162), quality of the trial (p = 0.442), age (p = 0.265), race (p = 0.499), general withdrawal (p = 0.240), and withdrawal due to AEs (p = 0.130). As far as the assessment strategy is concerned, all three of the MCI studies and 15 out of 16 AD studies were unstructured (p = 0.842). However, the ratio of females was significantly higher in the AD studies as compared with the MCI studies (p = 0.002). Furthermore, as expected, trials involving MCI and AD patients had significantly different MMSE scores (p < 0.001), showing that AD patients had a higher degree of cognitive impairment.
Overall report of AEs in MCI versus AD patients
The number and percentage of AEs across the placebo groups of MCI and AD trials can be seen in Table 2 . When looking at the total number of AEs across all 81 categories, a significantly higher number of symptoms were reported in trials involving AD patients as compared with trials involving MCI patients (p < 0.001). As indicated by the Cohen's d of −0.954, there was a notable difference in the total number of AEs reported in AD and MCI trials (Table 2 and Figure 3 ).
Direct comparison of seven types of AEs in MCI versus AD patients
When looking at the seven categories of AEs where a direct comparison between AD and MCI trials was possible, AD patients experienced depression (p = 0.016), dizziness (p = 0.007), headache (p = 0.030), and nausea/vomiting (p = 0.036) significantly more frequently than MCI patients. We found no significant difference between MCI and AD trials with respect to the frequency of the remaining AEs (for diarrhea p = 0.425; for insomnia p = 0.613; and for muscle cramps p = 0.806) (see Table 2 and Figure 3 ). Only dizziness survived the Bonferroni correction of the alpha value (0.05/7 = ≤0.007), which is most likely because for some of the AEs there were only few reports in each category Table 2 . Number of adverse events in placebo groups of the mild cognitive impairment (MCI) and Alzheimer's disease (AD) trials. The table shows that trials with AD patients report a significantly higher number of AEs than trials with MCI patients. (e.g. depression 136 vs. 1 and 274 vs. 16). However, as can be seen from the Cohen's d in Table 2 , with the exception of the symptom of diarrhea, all comparisons of AEs indicate that patients in AD trials report a higher number of AEs than patients in MCI trials, and the overall result strongly supports that patients in AD trials actually experience AEs to a significantly higher extent than MCI patients. Thus, overall, all the results go in the same direction and for the total sample this is strongly significant.
Homogeneity analyses
The homogeneity analyses of the MMSE scores showed I 2 = 0 for the MCI trials and I 2 = 94.6 for AD trials. This indicates that the MMSE scores in the MCI trials were highly homogeneous, whereas the MMSE scores in the AD trials were not homogeneous. This was an obvious result corresponding to a higher range of cognitive impairment in AD patients, from a mild to a very impaired cognitive state.
Discussion
Adverse events in the placebo arm of donepezil RCT trials These results show that AD patients in the placebo arm of donepezil RCTs experienced AEs and that these AEs are similar to the symptoms observed in the active group. Indeed, active treatment with donepezil induces cholinergic AEs such as nausea, vomiting, diarrhea, muscle cramps, and dizziness (Waldemar et al., 2007) . Interestingly, AD patients reported a significantly higher number of AEs than MCI patients in the placebo arm of donepezil clinical trials. While the overall comparisons revealed this profound difference, the specific comparisons indicated that the differences in reported AEs might especially relate to depression, dizziness, headache, and nausea/vomiting. Our study represents the first analysis demonstrating how different levels of cognitive impairment influence the level of AEs considering MCI and AD patients in the placebo arm of RCTs. The results we obtained may be interpreted in the direction of the nocebo effect as previously demonstrated by other systematic reviews of this type on migraineurs and psychiatric patients (Amanzio et al., 2009; Rief et al., 2009) . In particular, the nocebo effect is related to somatization whereby the patient expresses emotional distress as physical symptoms. Clinicians have noted that the side effects reported by highly anxious patients are often the somatic concomitants of anxiety itself, such as tachycardia, dyspnea, or sweating (Ferguson, 1993) , possibly because anxious people are monitoring their body to a higher extent and amplifying the symptoms. A tendency toward somatization, symptom amplification, and a heightened awareness of bodily sensation have also been associated with non-specific AEs to active drugs as well as with nocebo effects (Wolf and Pinsky, 1954; Andrykowski and Redd, 1987) . Both of these may be crucial in the patients we analyzed in the included studies.
Although the majority of the studies we considered here did not include a systematic assessment of somatization and mood changes previous studies have shown that in patients with dementia of Alzheimer's type, there is a strong association between cognitive status and somatic comorbidity (Doraiswamy et al., 2002) .
Another possible alternative explanation of the results obtained is that people with more severe AD might be frailer and therefore more susceptible to and suffer from more AEs. It is important to underline that nowadays frailty is recognized as a condition or phenotype that is predictive of adverse health outcomes (Fried et al., 2001; McLean and Le Couteur, 2004; Walston et al., 2006; Hilmer et al., 2007) . Interestingly, the frailty "syndrome" has been variously described in terms of an excessive reduction of lean body mass and poor endurance associated with a perception of exhaustion and fatigue, high susceptibility to disease and AEs of analgesics, and an increased vulnerability to stressors (Fried et al., 2001; Cepeda et al., 2003; Walston et al., 2006) .
Further studies will be fundamental to disentangle somatization from frailty and define these as separate or concomitant phenomena.
Limitations of the study
A possible limitation of the current study is that although the data are based on a total of 2,842 patients and 81 categories of AEs, it was possible to directly compare the AEs for seven categories only. Even within these seven categories of AEs there were sometimes few observations and this part of the comparison did not therefore yield strong results. This may be due in part to the fact that it was only possible to identify three studies involving MCI patients and therefore many AEs were neither reported in AD nor in MCI trials or they were reported only with a small frequency. Nevertheless, the total number of 81 categories of AEs strongly shows that trials with AD patients report a higher number of AEs than trials with MCI patients. Furthermore, six out of seven subcategories of AEs also show that trials with AD patients report a higher number of AEs than trials with MCI patients. It will be important to test these findings further as more studies emerge.
It is also important to be aware that the relationship between the level of cognitive impairment and the report of AEs deals with clinical trials and not with individual patients. In the MCI trials there was a high homogeneity in the level of cognitive functioning as indicated by the homogeneity analyses of MMSE scores. However, in the AD trials there was a high range in MMSE scores from a mild to a severe, compromised cognitive state. In the future it would be interesting to test in prospective RCTs the extent to which the individual MMSE score would be related to the presence/absence of AEs by also considering more complex neuropsychological tests and psychiatric scales, especially in early AD patients. This would help to clarify the relationship between the level of cognitive impairment and the presence of greater psychological distress predisposing people to report non-specific AEs to a greater extent.
Furthermore, in the current systematic review, all but one of the trials used an unstructured strategy for assessing AEs. However, it should be noted that the use of unstructured assessment of AEs was similar in the MCI and AD trials of the current systematic review, so the assessment strategy is unlikely to explain the difference in reporting of AEs demonstrated here. It is also important to note that in order for a study to qualify as using a structured strategy for assessing AEs, it would have to list a specific validated instrument for reporting AEs. Most studies did not list such an instrument but simply listed all the AEs that the patients reported. Thus, although the studies used an unstructured strategy, they did use a very similar strategy for recording AEs. Nevertheless, in future studies it would be interesting to employ more objective methods to assess AEs (Amanzio, 2011) in order to directly test the extent to which the reporting of AEs was due to cognitive dysfunctions or to unstructured reporting of AEs.
Finally, as indicated in Table 2 , the rate of withdrawal due to AEs and the general rate of withdrawal were higher in MCI trials than AD trials. However, as shown in the Results section these numbers were not significantly different between the two groups and it is therefore unlikely that they would change the strong overall findings of a difference in AEs between MCI and AD patients.
Implications of the study
Our results suggest that AD patients are at greater risk of developing non-specific side effects than people with MCI. In these patients, the AEs that we observed are likely to be related to a higher presence of psychosomatic comorbidity predisposing people to express emotional distress as physical symptoms. Our study has important clinical implications, as the phenomenon we observed can involve diagnostic, nosological, and prognostic factors that directly affect treatment adherence and the course of disease. The occurrence of AEs is often related to poor clinical outcomes and impaired psychosocial functioning. These patients increase the burden on caregivers and thus require additional assistance, thereby increasing the costs of their care. Although this is a common phenomenon, it has rarely been studied and is poorly understood.
These findings also have implications for the design and interpretation of clinical trials. Our systematic review emphasizes the importance of developing standardized procedures for collecting information about AEs in double-blind placebocontrolled RCTs of the efficacy of anti-dementia drugs (see the recent review by Amanzio, 2011 for a need to create a new procedure in RCTs). Future prospective studies on AD patients would benefit from selecting a more homogeneous population in terms of cognitive as well as behavioral features. Indeed, considering the results that we obtained, direct intervention by the caregiver in the case of more cognitively compromised patients could have been a confounding variable. However, none of the selected articles mentioned that caregivers were reporting AEs.
Randomized clinical trials on AD patients should include subjects with an MMSE score ranging from 19 to 24, corresponding to a mild stage of cognitive impairment, since it is unclear how the same methods used to assess AEs in AD studies could be entirely appropriate for patients with very extensive differences in MMSE scores. In this case, impaired language and comprehension skills could invalidate any assessment of AEs. The homogeneity of patients could also be considered in terms of the Global Deterioration Scale (i.e. they should have a score of 3 attesting to mild cognitive impairment), and in terms of clinical variables such as drug assumption and duration of illness (see Amanzio et al., 2011 for further details). Furthermore, it would be helpful to collect AEs in a structured manner and to assess mood changes and somatic comorbidity in patients with dementia not only at the time of the diagnosis but throughout the course of the disease.
When conducting an RCT of efficacy of antidementia drugs, a heightened index of suspicion is called for when the patient's symptoms are vague, ambiguous, or prevalent in daily life; when the patient has a history of negative AEs to many different classes of drugs; and when the patient is exceptionally anxious about, or even seems to expect, difficulties with the medication. Base rates of symptoms should be collected before the patient is recruited to take part in an RCT. Recently, interesting results have been found for advanced cancer patients reporting nocebo effects. Patients with, for instance, insomnia at baseline were more likely to report more nocebo effects. The authors speculated that if patients did not feel particularly well at baseline, they were much more likely to express their symptoms as a side effect (de la Cruz et al., 2010) . Physicians may also ameliorate the collection of reports of non-specific side effects to active medications by identifying patients who are most at risk of developing non-specific AEs in the recruitment stage. For example, patients with a tendency to somatization and/or who have significant mood changes are at greater risk of developing non-specific side effects. The use of a specific scale to quantify both of these characteristics in patients with dementia may be helpful in the recruitment stage. It would be important to compare these in the two groups being analyzed (the active medication group versus the placebo group) to describe possible differences if any, in these important psychological aspects, using statistical methods to control bias.
Conclusions
This is the first study to show that AD patients may be at greater risk of developing AEs compared with MCI patients in clinical trials on anti-dementia treatment. This seems to be related to a greater presence of somatic comorbidity which predisposes them to express emotional distress as physical symptoms and/or to AD patients being frailer and therefore more susceptible to AEs. Here we have suggested that the phenomena that we observed in the AD population may be interpreted in terms of the nocebo effect. These findings have important implications for both treatment adherence and prognosis, and they indicate a need for a new procedure when conducting RCTs.
